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(54) iVIEDICINE LIQUID INJECTION DEVICE WHERE MEDICINE LIQUID SUCKED UP FROM 
MEDICINE LIQUID TANK AND INJECTED TO SUBJECT DOES NOT FLOW BACK 



(57) The present invention provides liquid injector 
100 wherein syringe 210 sucks a liquid from liquid tank 
200 in a suck state in which connection switch mecha- 
nism 105 connects syringe tube 103 to tank tube 102, 
and syringe 210 injects the liquid into a patient In an in- 
jection state in which connection switch mechanism 1 05 
connects syringe tube 103 to patient tube 101. Since 
connection switch mechanism 105 blocks patient tube 



101 in the suck state, the liquid does not flow back into 
syringe 210 from the patient. Since tank tube 102 is 
blocked in the injection state, the liquid does not flow 
back into liquid tank 200 from syringe 210. Therefore, it 
is possible to provide liquid injector 100 capable of pre- 
venting a backflow of the liquid from the patient to sy- 
ringe 21 0 or liquid tank 200 in the structure in which sy- 
ringe 210 sucks and injects the liquid from liquid tank 
200 into the patient. 
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Description 

Technical Field 

[0001] The present invention relates to a liquid injec- 
tor for injecting a liquid Into a patient, and more partic- 
ularly, to a liquid injector in which a syringe having a cyl- 
inder member and a piston member inserted slidably in- 
to the cylinder member is used to suck a liquid from a 
liquid tank and inject the liquid into a patient. 

Background Art 

[0002] Cun'ently, CT (Computed Tomography) scan- 
ners used in medical facilities can create cross-sectional 
images of a patient by the application of X-ray imaging. 
MRI (Magnetic Resonance Imaging) apparatuses can 
create cross-sectional Images of a patient in real time 
with the magnetic resonance effect. Angiographic appa- 
ratuses can Image blood vessels of a patient by the ap- 
plication of the X-ray imaging. 
[0003] When the abovementioned apparatuses are 
used, a patient may be Injected with a liquid such as a 
contrast medium and saline. Liquid injectors for auto- 
matically perfonning the injection have been put Into 
practical use. Such a liquid injector has an injection head 
on which a syringe is removably mounted. The syringe 
has a cylinder member which is filled with a liquid. A pis- 
ton member is slidably inserted into the cylinder mem- 
ber. 

[0004] Some syringe products are already filled with 
liquids, and other syringe products allow operators to 

add desired liquids thereinto. When such a syringe is 
used in a liquid injector, the syringe Is connected through 
a tank tube to a liquid tank filled with a liquid, and the 
syringe is mounted on an injection head, by way of ex- 
ample. The injection head separately holds a cylinder 
member and a piston member of the syringe and moves 
the piston member rearward from the cylinder member 
with a slider mechanism. 

[0005] After the liquid Is added into the syringe from 
the liquid tank, the liquid tank and the tank tube are re- 
moved from the syringe which, in turn, is connected to 
a patient through a patient tube. In this state, the Injec- 
tion heads moves the piston member forward into the 
cylinder member with the slider mechanism to Inject the 
liquid from the syringe Into the patient. 
[0006] In the conventional liquid injector, however, an 
operator needs to connect the syringe to the liquid tank 
through the tank tube when the liquid is sucked from the 
liquid tank into the syringe, while the operator needs to 
remove the tank tube from the syringe and connect the 
patient tube to the syringe when the liquid Is injected 
into the patient from the syringe. This requires compli- 
cated operation of the operator and thus raises the con- 
cern that the operator might contaminate the tank tube 
or patient tube. 

[0007] To solve the abovementioned problem, anoth- 



er liquid injector has a syringe tube connected to a sy- 
ringe, a tank tube connected to a liquid tank, and a pa- 
tient tube connected to a patient, in which those tubes 
are connected through a switching valve. In the liquid 
5 Injector, a liquid is sucked from the liquid tank Into the 
syringe while the switching valve is manually operated 
to block the patient tube and connect the tank tube to 
the syringe tube. 

[0008] Then, the liquid is injected Into the patient from 
10 the syringe while the switching valve is manually oper- 
ated to block the tank tube and connect the patient tube 
to the syrlngetube. In such a liquid Injector, since a liquid 
can be added into a small-capacity syringe from a large- 
capacity liquid tank, the liquid can be injected into a plu- 

19 rallty of patients only by replacing the patient tube with 
another one. 

[0009] In the abovementioned liquid injector, howev- 
er, the operation is complicated since an operator needs 
to operate manually the switching valve. This may lead 

20 to erroneous operation, for example, the operator at- 
tempting to inject the liquid into the patient from the sy- 
ringe while the patient tube is blocked and the tank tube 
Is connected to the syringe tube, or the operator at- 
tempting to suck the liquid from the liquid tank Into the 

25 syringe while the tank tube Is blocked and the patient 
tube is connected to the syringe tube. 
[001 0] To solve the problem, the applicants have pro- 
posed a liquid injector which has a syringe tube connect- 
ed to a syringe, a tank tube connected to a liquid tank, 

30 and a patient tube connected to a patient, In which those 
tubes are connected through a tube connecting means 
and a one-way valve is provided for each of the tank 
tube and the patient tube. 

[0011] In the liquid Injector, when an injection head 
35 moves a piston member reanward from a cylinder mem- 
ber, the one-way valve for the patient tube is closed and 
the one-way valve for the tank tube is opened, so that 
a liquid is sucked from the liquid tank into the syringe. 
On the other hand, when the injection head moves the 
40 piston member fonward Into the cylinder member, the 
one-way valve for the tank tube is closed and the one- 
way valve for the patient tube is opened, so that the liq- 
uid is injected into the patient from the liquid. 
[0012] In the liquid injector, contamination can be pre- 
45 vented only by replacing the patient tube with another 
one for each patient, and a large amount of liquid in the 
liquid tank can be injected into patients through the sy- 
ringe. 

[0013] In reality, however, the one-way valve is 

50 formed in stnjcture to be closed by a backflow of the 
liquid, so that a slight amount of blood or liquid may flow 
back Into the syringe from the patient and then into the 
liquid tank from the syringe in the abovementioned liquid 
injector. In this case, the syringe and the liquid injector 

55 are contaminated, which means that the liquid cannot 
be injected into a plurality of patients even when a large- 
capacity liquid tank Is used. 
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Disclosure of Invention 

[0014] The present invention has been nnade In view 
of the abovementioned problenns, and It is an object of 
the present invention to provide a liquid Injector capable s 
of using a syringe to sucl< a liquid from a liquid tank and 
inject the liquid into a patient, and preventing the liquid 
or blood from flowing back into the syringe or the liquid 
tank from the patient. 

[0015] A liquid injector according to the present inven- 
tion has a patient tube, a syringe tube, a tank tube, a 
tube connecting means, a syringe drive mechanism, a 
connection switch mechanism, and an interlock control 
means. A syringe having a cylinder member and a pis- 
ton member slidably inserted into the cylinder member 
is used to suck a liquid from a liquid tank and inject the 
liquid Into a patient. 

[0016] The patient tube has a leading end connected 
to the patient, while the syringe tube has a trailing end 
connected to the syringe. The tank tube has a trailing 
end connected to the liquid tank. The tube connecting 
means connects the trailing end of the patient, the lead- 
ing end of the syringe tube, and the leading end of the 
tank tube. The syringe drive mechanism relatively 
moves the cylinder member and/or the piston member 
to cause the syringe to suck and inject the liquid. The 
connection switch mechanism switches between a suck 
state In which the patient tube is blocked and the syringe 
tube Is connected to the tank tube and an injection state 
in which the tank tube is blocked and the syringe tube 
is connected to the patient tube. The interlock control 
means interlocks the operation of the syringe drive 
mechanism and the operation of the connection switch 
mechanism. 

[0017] Thus, In the liquid Injector of the present inven- 
tion, the syringe drive mechanism causes the syringe to 
suck the liquid from the iiquid tank In the suck state In 
which the connection switch mechanism connects the 
syringe tube to the tank tube, and the syringe drive 
mechanism causes the syringe to Inject the liquid Into 
the patient in the injection state In which the connection 
switch mechanism connects the syringe tube to the pa- 
tient tube. Since the connection switch mechanism 
blocks the patient tube in the suck state, the liquid or 
blood does not flow back from the patient into the sy- 
ringe. Since the tank tube Is blocked in the injection 
state, the liquid or the like does not flow back from the 
syringe into the liquid tank. 

[0018] Consequently, contamination of the liquid in 
the syringe and the liquid tank can be prevented, and 
the . liquid can be injected Into a number of patients in 
turn only by replacing the patient tube with another one 
without replacing the liquid tank or the syringe, for ex- 
ample. 

[001 9] Various means refenred to in the present inven- 
tion may be any as long as it is fornied to realize the 
function, and for example, can be realized as dedicated 
hardware which perfomns a predetermined function, a 



data processing apparatus which has a predetennined 
function provided by a computer program, a predeter- 
mined function realized inside a data processing appa- 
ratus by a computer program, a combination thereof, 
and the like. 

[0020] Various components referred to In the present 
Invention do not need to be Independent items, and It is 
possible that a plurality of components is formed as one 
member, a component is contained as part of another 
component, and a component shares a portion with an- 
other component. 

Brief Description of the Drawings 
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15 [0021] 

Fig. 1 is a schematic diagram showing the general 
structure of a liquid Injector of Embodiment 1 ac- 
cording to the present invention. 
20 Fig. 2 Is a front view showing the outer appearance 
of the front of a connection switch mechanism. 
Fig. 3 is a perspective view showing the outer ap- 
pearance of the front of the connection switch 
mechanism, 

25 Fig. 4 is a perspective view showing the outer ap- 
pearance of the back of the connection switch 
mechanism. 

Fig. 5 is a block diagram showing the circuit config- 
uration of the liquid injector. 
30 Fig. 6 is a flow chart showing a method of injecting 
a iiquid with the liquid injector. 
Figs. 7a and 7b are front views showing the outer 
appearance of the front of a connection switch 
mechanism in a first variation. 
35 Figs. 8a and 8b are perspective views showing the 
outer appearance of a connection switch mecha- 
nism in a second variation. 
Fig, 9 is a front view showing the outer appearance 
of the back of the connection switch mechanism in 
40 the second variation. 

Fig. 1 0 Is a front view showing the outer appearance 
of a needle. 

Fig. 11 is a schematic diagram showing the general 
structure of a liquid injector of Embodiment 2. 
45 Fig. 12isafrontviewshowingtheouterappearance 
of the front of a connection switch mechanism of the 
iiquid Injector of Embodiment 2. 
Fig. 13 is a perspective view showing the outer ap- 
pearance of the front of the connection switch 
so mechanism. 

Fig. 14 is a perspective view showing the outer ap- 
pearance of the back of the connection switch 
mechanism. 

55 [0022] Best Mode for Carrying Out the Invention 
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"Configuration of Embodiment 1" 

[0023] Embodiment 1 of the present invention is here- 
inafter described with reference to Figs. 1 to 6. Liquid 
injector 1 00 in Embodiment 1 has patient tube 1 01 , tanic s 
tube 102, syringe tube 103, tube connecting member 
1 04 serving as a tube connecting means, a syringe drive 
mechanism (not shown), connection switch mechanism 
105, integrative control circuit 106 serving as an Inter- 
lock control means, operation panel 107, liquid crystal 
display 1 08, and the lilce. As shown in Fig. 1 , the trailing 
end of the patient tube 101, the leading end of the sy- 
ringe tube 1 03, and the leading end of the tanic tube 1 02 
are connected through tube connecting member 104. 
[0024] Patient tube 101 Is fonned of resin tube 111, 
one-way valve 112, connector 113, and catheter 114, in 
order from the trailing end to the leading end. Catheter 
114 at the leading end is removably connected to a pa- 
tient (not shown). Resin tube 111 is made, for example, 
of polyurethane tube containing nylon mesh, and cath- 
eter 114 Is removably connected to the leading end 
thereof through connector 113. One-way valve 112 Is 
provided at a position near the leading end of resin tube 
111 to regulate the movement of constant medium C 
serving as a liquid In the direction from resin tube 1 11 to 
catheter 114. 

[0025] Tank tube 1 02 is fonned of resin tube 1 1 6 and 
connector 117 in order from the leading end to the trail- 
ing end. Resin tube 116 is also made of polyurethane 
tube containing nylon mesh, and liquid tank 200 is re- 
movably connected to connector 1 1 7 at the trailing end. 
Liquid tank 200 Is formed to have a larger capacity than 
syringe 210 and contains contrast medium C In ad- 
vance. 

[0026] Syringe tube 103 is fomied of resin tube 119 
and connector 120 in order from the leading end to the 
trailing end. Syringe 21 0 Is removably connected to con- 
nector 120 at the trailing end. Syringe 210 is formed of 
cylinder member 211 and piston member 212 which Is 
slidably inserted into cylinder member 211 . 
[0027] As shown in Fig. 5, the syringe drive mecha- 
nism has syringe drive motor 122, empty sensor 123, 
and full sensor 124. Syringe 210 connected to syringe 
tube 103 is removably mounted on the syringe drive 
mechanism (not shown). The syringe drive mechanism 
uses syringe drive motor 1 22 as a drive source to move 
piston member 21 2 of syringe 21 0 while holding cylinder 
member 211 , thereby causing syringe 210 to suck and 
Inject contrast medium C. 

[0028] Empty sensor 1 23 senses piston member 2 1 2 
moving to the leading end of cylinder member 211 to 

recognize that contrast medium C is not contained in 
syringe 210. Full sensor 1 24 senses piston member 2 1 2 
moving to the trailing end of cylinder member 21 1 to rec- 
ognize that contrast medium C Is contained in syringe 
210 to its full capacity. 

[0029] As shown in Figs. 2 to 4, connection switch 
mechanism 105 has body panel 130, injection block 



mechanism 131, suck block mechanism 132, open or 
close interiock mechanism 133 and the like. Injection 
block mechanism 131 isformedof injection press mem- 
ber 135 and Injection hold member 136. Suck block 
mechanism 132 is fonned of suck press member 137 
and suck hold member 138. Open or close interlock 
mechanism 133 is fonned of connection switch motor 
1 40 realized, for example by a stepping motor, gear train 

141 , and press pivot member 142, in which connection 
switch motor 1 40 pivotally supports press pivot member 
142 through gear train 141. 

[0030] Injection press member 135 and suck press 
member 137 are formed to be integral with press pivot 
member 142. Injection press member 135 is movably 
disposed at a position where it presses patient tube 1 01 
when press pivot member 1 42 is normally rotated. Suck 
press member 1 37 Is movably disposed at a position 
where it presses tank tube 1 02 when press pivot mem- 
ber 1 42 is reversely rotated. 

[0031] Injection hold member 136 is disposed oppo- 
site to injection press member 135 through patient tube 
101 , while suck hold member 138 is disposed opposite 
to suck press member 1 37 through tank tube 1 02. Con- 
nection switch mechanism 105 switches between a 
suck state in which patient tube 1 01 is blocked and sy- 
ringe tube 103 Is connected to tank tube 102. and an 
Injection state in which tank tube 1 02 is blocked and sy- 
ringe tube 103 is connected to patient tube 101 . 
[0032] Portions of.injection and suck press members 
135, 137 for pressing tubes 101, 102, respectively, are 
formed on convex surfaces which are curved cylindri- 
cally. Portions of Injection and suck hold members 136, 
138 for pressing tubes 101, 102, respectively, are 
formed on concave surfaces which are curved cylindrl- 
cally. 

[0033] Gear train 141 is fonned of pinion gear 144 
connected directly to connection switch motor 140 and 
spur gear 145 connected directly to press pivot member 

142. Convex 146 Is fonned on spur gear 145. Injection 
block sensor 148 realized by a photosensor is disposed 
at a position for sensing convex 146 in the suck state. 
Suck block sensor 1 49 realized by a photosensor is dis- 
posed at a position for sensing convex 146 in the injec- 
tion state. Thus, injection block sensor 148 senses the 
blocking of patient tube 1 01 , while suck block sensor 
1 49 senses the blocking of tank tube 1 02. 

[0034] Integrative control circuit 106 is realized by a 
microcomputer which has appropriate control programs 
Implemented as firmware. As shown in Fig. 5, operation 
panel 1 07, liquid crystal display 1 08, syringe drive motor 
122, empty sensor 123, full senor 124, connection 
switch motor 1 40, injection block sensor 1 48, suck block 
sensor 149 and the like are connected to integrative 
control circuit 106. 

[0035] Although details are described later, integra- 
tive control circuit 1 06 displays various types of data on 
liquid crystal display 108 and integrally controls the op- 
eration of respective motors 122, 140 in response to da- 
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ta input to operation panel 107 or signals of respective 
sensors 123, 124. 148. and 149. 
[0036] Integrative control circuit 106 drives syringe 
drive niotor 122 to suck contrast nnediunri C from liquid 
tank 200 Into syringe 210 after injection block sensor 
1 48 senses the blocking of patient tube 1 01 , and drives 
syringe drive motor 1 22 to Inject contrast medium C Into 
the patient from syringe 2 1 0 after suck block sensor 1 49 
senses the blocking of tank tube 102. 

"Operation of Embodiment V 

[0037] In the configuration as described above, liquid 
injector 100 of Embodiment 1 Is used, for example, to 
Inject contrast medium C serving as the liquid Into a pa- 
tient whose Images are created with a CT scanner or an 
MRI apparatus. In this case, an operator connects pa- 
tient tube 1 01 to the patient and connects tank tube 1 02 
to liquid tank 200. In addition, the operator connects sy- 
ringe tube 103 to syringe 210 which Is then loaded on 
the syringe drive mechanism. 
[0038] In liquid injector 1 00 of Embodiment 1 , when a 
patient who is injected with contrast medium C is 
changed, only catheter 1 1 4 of patient tube 1 01 needs to 
be changed for each patient while liquid tank 200 and 
syringe 21 0 are connected to tank tube 1 02 and syringe 
tube 103, respectively, without any change. 
[0039] As shown in Fig. 6, In liquid injector 1 00 of Em- 
bodiment 1 , connection switch motor 140 is normally ro- 
tated in an initial state until Injection block sensor 148 
senses the blocking of patient tube 1 01 (steps SI , S2), 
thereby blocking patient tube 101 . 
[0040] In this state, when the operator who connected 
patient tube 1 01 to the patient makes Input to operation 
panel 107 for sucking or injecting contrast medium C 
(step S3 or S8), liquid injector 100 perfomns suck oper- 
ation or injection operation in response to the input. 
[0041] For example, when the input Is made for suck- 
ing (step S3), syringe drive motor 122 is driven to' move 
piston member 21 2 of syringe 210 rearward from cylin- 
der member 211 while patient tube 101 is blocked as 
described above (steps SI , S2), and thus contrast me- 
dium C is sucked from liquid tank 200 Into syringe 210 
(step S6). 

[0042] When full sensor 124 senses piston member 
212 being moved rearward to the trailing end (step S5), 
the drive of syringe drive motor 122 is stopped to termi- 
nate the sucking operation of contrast medium C (step 
S7). Contrast medium C Is automatically sucked into sy- 
ringe 210 to its full capacity. 

[0043] When the operator who Is checking the above- 
mentioned sucking operation makes input to operation 
panel 107 for stopping the sucking in progress as de- 
sired (step S5), however, the drive of syringe drive motor 
122 is stopped to tennlnate the sucking operation of 
contrast medium C (step S7). In this case, an amount 
of contrast medium C desired by the operator Is sucked 
Into syringe 210. 



[0044] When Input Is made to perfomi injection with 
contrast medium C contained in syringe 210 as de- 
scribed above (step S8), connection switch motor 140 
is reversely rotated until suck block sensor 149 senses 
5 the blocking of tank tube 102 (steps S9, S10). In this 
manner, patient tube 101 Is opened and tank tube 102 
Is blocked. 

[004S] After the blocking is completed, syringe drive 
motor 122 Is driven to move piston member 212 of sy- 

10 ringe 210 fonward to inject contrast medium C into the 
patient from syringe 210 (step SI 3). When empty sen- 
sor 123 senses piston member 212 being moved for- 
ward to the leading end (step S11), the drive of syringe 
drive motor 122 Is stopped to terminate the injection op- 

is eratlon of contrast medium C (step S14). All of contrast 
medium C In syringe 210 Is automatically injected Into 
the patient. 

[0048] When the operator who is checking the above- 
mentioned Injection operation makes input to operation 

20 panel 107 for stopping the injection in progress as de- 
sired (step S12), however, the drive of syringe drive mo- 
tor 122 Is stopped to tennlnate the Injection operation of 
contrast medium C (step 814). In this case, an amount 
of contrast medium C desired by the operator is injected 

25 into the patient. After the Injection of contrast medium C 
Is completed as described above, connection switch 
motor 1 40 is normally rotated until injection block sensor 
148 senses the blocking of patient tube 101 as de- 
scribed above(steps SI, S2), and patient tube 101 is 

30 blocked. "Effect of Embodiment 1" 

[0047] In liquid injector 100 of Embodiment 1, since 
patient tube 1 01 Is reliably blocked by injection block 
mechanism 131 In the suck state in which contrast me- 
dium C Is sucked from liquid tank 200 into syringe 210, 

35 a backflow of contrast medium C or biood from the pa- 
tient Into syringe 210 can be prevented. In addition, 
since tank tube 102 is reliably blocked by suck block 
mechanism 132 in the injection state in which contrast 
medium C Is injected into the patient from syringe 210, 

40 a backflow of contrast medium C or the like from syringe 
210 into liquid tank 200 can be prevented. 
[0048] It is thus possible to prevent the contamination 
of contrast medium C in syringe 21 0 and liquid tank 200. 
Contrast medium C can be Injected Into a number of pa- 

45 tients in turn only by replacing catheter 114 of patient 
tube 101 without replacing liquid tank 200 or syringe 
210. 

[0049] Particularly, In liquid Injector 100 of Embodi- 
ment 1 , the operation of injection block mechanism 131 

50 is interiocked with the operation of the syringe drive 
mechanism, thereby eliminating erroneous operation, 
for example, the operator attempting to inject the liquid 
Into the patient from the syringe while patient tube 101 
Is blocked and tank tube 102 is connected to syringe 

55 tube 103, or the operator attempting to suck the liquid 
from liquid tank 200 Into syringe 210 while tank tube 102 
is blocked and patient tube 101 is connected to syringe 
tube 103. 
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[0050] In liquid Injector 100 of Ennbodiment 1, Injec- 
tion block mechanism 131 for blocking patient tube 101 
and suck block mechanism 132 for blocking tank tube 
1 02 are fonmed on one press pivot member 1 42, so that 
both of patient tube 101 and tank tube 102 are not 
blocked or opened. 

[0051] In liquid injector 1 00 of Embodiment 1 , catheter 
114 is connected to resin tube 111 through connector 
113 and is easily replaced. In addition, one-way valve 
112 is provided at the position near the leading end of 
resin tube 1 11 , which can prevent a backftow of contrast 
medium C or blood more reliably. 
[0052] Since patienttube 101 Is automatically blocked 
by injection block mechanism 131 upon completion of 
the injection of contrast medium C Into the patient from 
syringe 210. contrast medium C or biood can be pre- 
vented from flowing back at alt times. Also, since respec- 
tive tubes 101, 102 are blocked by Injection and suck 
press members 135, 137 and injection and suck hold 
members 136, 1 38 with their convex surfaces and con- 
cave surfaces on the cylinders, respectively, a backf low 
of contrast medium C or blood can be prevented more 
reliably. 

[0053] In liquid injector 100 of Embodiment 1, one 
press pivot member 1 42 is pivoted to switch between 
the suck state in which patient tube 101 is blocked and 
the injection state In which tank tube 102 is blocked, 
which can ensure the switching between the suck state 
and the injection state with the simple structure. 
[0054] In liquid injector 100 of Embodiment 1, since 
connection switch motor 140 for pivoting press pivot 
member 142 is realized by a stepping motor, press pivot 
member 142 can be pivoted at a predetennined angle 
and stopped there. This can reliably maintain the suck 
state and the injection state with the simple structure. 

"Variations of Embodiment 1" 

[0055] The present invention is not limited in any way 
to the abovementioned embodiment, and permits a 
number of variations without departing from the scope 
and spirit thereof. Forexample, while Embodiment 1 has 
shown patient tube 101, syringe tube 1 03, and tank tube 
102 connected through tube connecting member 104 
separate from those tubes, it is possible to fomi patient 
tube 1 01 , syringe tube 1 03, tank tube 1 02, and tube con- 
necting member 1 04 as an integral part. 
[0056] While Embodiment 1 has shown that the por- 
tions of injection and suck press members 1 35, 1 37 and 
injection and suck hold members 136, 138 for blocking 
respective tubes 1 01 , 1 02 are fonned of the convex sur- 
faces and the concave surfaces on the cylinders, they 
can be planes or S-shaped portions. 
[0057] in Embodiment 1 , one-way valve 1 1 2 is provid- 
ed for patient tube 1 01 to reliably prevent a backflow of 
contrast medium C or blood. However, it can be omitted, 
and a one-way valve (not shown) for regulating the 
movement of contrast medium C in the direction from 



liquid tank 200 to syringe 210 can be provided for tank 
tube 102. 

[0058] Embodiment 1 has shown connection switch 
. motor 140 realized by the stepping motor to stop press 

5 pivot member 142 at a predetennined angle. Altema- 
tively, a lock mechanism (not shown) can be connected 
to connection switch motor 1 40 realized by a supersonic 
motor or the like to stop press pivot member 142 at a 
predetennined angle, for example. 

10 [0059] In connection switch mechanism 105 of Em- 
bodiment 1, injection press member 135 of injection 
block mechanism 131 and suck press member 137 of 
suck block mechanism 132 are formed to be integral 
with press pivot member 142 of open or close interlock 

15 mechanism 133. However, as in connection switch 
mechanism 150 shown in Figs. 7a and 7b, it is possible 
to slidably support injection press member 1 51 and suck 
press member 152 with a guide rail (not shown) or the 
like and connect them to crank member 154 of open or 

20 close interlock mechanism 153 through injection link 
member 155 and suck link member 156. 
[0060] Embodiment 1 has shown that convex 146 of 
spur gear 1 45 of open or close interlock mechanism 133 
is sensed by injection block sensor 148 and suck block 

2$ sensor 149. However, as in connection switch mecha- 
nism 150 shown in Figs. 7a and 7b, convex 157 of crank 
member 154 can be sensed by injection block sensor 
158 and suck block sensor 159 which are realized by 
mechanical switches. 

30 [0061] In addition, as in connection switch mecha- 
nism 160 shown in Figs. 8a, 8b, and 9, it is possible that 
injection press member 161 and suck press member 
1 62 are supported slidably in the same direction to face 
injection hold member 163 and suck hold member 164, 

35 respectively, and to engage with a surface of rotatable 
cam member 1 67 of open or close interlock mechanism 
166, on which concaves and convexes are fonned. 
[0062] It is also possible that convex 1 68 of cam mem- 
ber 167 is sensed by injection block sensor 148 and 

40 suck block sensor 1 49, or convexes 1 69, 1 70 of injection 
press member 161 and suck press member 162 are 
sensed directly by injection block sensor 148 and suck 
block sensor 149 as in connection switch mechanism 
160. 

45 [0063] White Embodiment 1 has shown that connec- 
tion switch motor 140 is realized by the stepping motor 
to'maintain the suck state and the injection state, the 
suck state and the injection state can be maintained by 
forming gear train 1 72 of worm gears as In connection 

50 switch mechanism 160 shown in Figs. 8a, 8b, and 9. 
[0064] In connection switch mechanism 1 60, the trail- 
ing ends of injection and suck press members 161, 1 62 
are positioned at concave 1 73 of the surface of cam 
member 1 67 to release the blocking of respective tubes 

55 1 01 , 1 02, respectively. Thus, after one of them is com- 
pletely blocked, the blocking of the other can be re- 
leased, so that a backflow of contrast medium C or the 
like can be prevented without fail. 
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[0065] In addition, since concave 174 at which both 
of Injection and sucl< press members 161, 162 are si- 
multaneously located is also formed on cam member 
167 In connection switch mechanism 160, the blocking 
of respective tubes 101, 102 can be released simulta- 
neously as desired, and respective tubes 101 , 102 can 
be easily loaded. 

[0066] To ensure such operation, convexes 1 69, 1 70 
of injection press member 161 and suck press member 
162 are preferably sensed directly by injection block 
sensor 1 48 and suck block sensor 1 49 described above. 
However, it Is possible to provide dedicated release sen- 
sor 176 for sensing both of injection and suck press 
members 16T, 162 being positioned in concave 174; 
[0067] White Embodiment 1 has shown that the lead- 
ing end of patient tube 101 isformedof catheter 114, it 
can be fomried of butterfly needle 178 as shown In Fig. 
10. Particularly, In liquid injector 100 of Embodiment 1 , 
catheter 114 of patient tube 101 is connected to resin 
tube 111 through connector 113, it can be replaceable 
with butterfly needle 178. 

[0068] While Embodiment 1 has shown the liquid re- 
alized by contrast medium C, it can be a drug or saline. 
It Is also possible that contrast medium C and saline W 
can be freely injected as In liquid injector 300 shown In 
Fig. 11. 

"Configuration of Embodiment 2" 

[0069] Liquid injector 300 described above is herein- 
after described briefly as Embodiment 2 with reference 
to Fig. 11 . In liquid injector 300 of Embodiment 2, saline 
W which is a solution with lower viscosity than contrast 
medium C is contained in solution tank 301 which Is con- 
nected to the trailing end of attachment tube 302. 
[0070] The leading end of attachment tube 302 is con- 
nected to resin tube 1 1 1 of patient tube 101 through tube 
connecting member 303 serving as a tube attaching 
means, injection block mechanism 131 is positioned be- 
tween tube connecting members 1 04, 303 on resin tube 
111. 

[0071] Roller pump 302 serving as a solution injection 
device and Attachment block mechanism 305 are posi- 
tioned In order from the trailing end to the leading end 
of attachment tube 302. They are also connected to In- 
tegrative control circuit 106 (not shown). Roller pump 
304 Injects saline W in solution tank 301 into a patient. 
Attachment block mechanism 305 presses and blocks 
attachment tube 302 to freely open or close attachment 
tube 302. Integrative control circuit 106 causes Attach- 
ment block mechanism 305 to release the blocking only 
when connection switch mechanism 105 blocks patient 
tube 101 , and causes roller pump 304 to operate only 
when the blocking by Attachment block mechanism 305 
is released. 



"Operation of Embodiment 2" 

[0072] In liquid injector 300 of Embodiment 2, contrast 
medium C and saline W can be freely injected into the 
5 patient. Specifically, the blocking by Attachment block 
mechanism 305 Is released and roller pump 304 is op- 
erated only when connection switch mechanism 105 
blocks patient tube 1 01 . 

10 "Effect of Embodiment 2" 

[0073] As a result, in liquid injector 300 of Embodi- 
ment 2, contrast medium C, saline W, or blood does not 
flow back from the patient Into solution tank 301 and llq- 
'5 uid tank 200, saline W does not move into liquid tank 
200 from solution tank 301 , or contrast medium C does 
not move into solution tank 301 from liquid tank 200 or 
syringe 210. 

20 "Variations of Embodiment 2" 

[0074] While Embodiment 2 has shown the structure 
in which the leading end of attachment tube 302 is con- 
nected at the position between the leading end of patient 

25 tube 1 01 and injection block mechanism 131 , it is pos- 
sible that the leading end of attachment tube 302 is con- 
nected to a position between Injection block mechanism 
131 on patient tube 101 and tube connecting member 
1 04. for example. 

30 [0075] it is also possible that a second injection block 
mechanism (not shown) is additionally provided at a po- 
sition between the leading end of patient tube 101 and 
tube connecting member 303. In the structure, roller 
pump 304 can be omitted to suck and inject saline W 

35 with syringe 210. 

"Configuration of Embodiment 3" 

[0076] Embodiment 3 of the present invention is here- 
to Inafter described briefly with reference to Figs. 1 2 to 1 4. 
In a liquid injector (not shown) of Embodiment 3, con- 
nection switch mechanism 401 is formed of injection 
block mechanism 402 and switching valve 403 which Is 
provided at the position of tube connecting member 1 04. 
^5 [0077] injection press member 152 of injection block 
mechanism 402 is connected to connection switch mo- 
tor 140 with rack and pinion mechanism 404. A switch 
sensor (not shown) is connected to switching valve 403. 
The switch sensor is connected to integrative control cir- 
50 cult 1 06 (not shown) which integrally controls the re- 
spective parts in accordance with output from the switch 
sensor. 

"Operation of Embodiment 3" 

55 

[0078] In the liquid Injector of Embodiment 3, when an 
operator manually operates switching valve 403 as de- 
sired, switching valve 403 switches between the suck 
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state and the injection state, and the switch operation of 
switching valve 403 Is sensed by the switch sensor and 
then recognized by integrative control circuit 106. 
[0079] Integrative control circuit 106 causes Injection 
block mechanism 402 to block patient tube 1 01 to penmit 
the suck operation of a syringe drive mechanism when 
switching valve 403 is switched to the suck state. When 
switching valve 403 is switched to the Injection state, 
integrative control circuit 106 causes injection block 
mechanism 402 to open patient tube 101 to permit the 
injection operation of the syringe drive mechanism. 

"Effect of Embodiments" 

[0080] In the liquid injector of Embodiment 3, switch- 
ing valve 403 is manually operated to integrally control 
the respective parts such as Injection block mechanism 
402 to set switching between the suck state and the in- 
jection state, so that the switching between the suck 
state and injection state can be reliably achieved with 
intuitively recognizable and simple operation. 

"Variations of Embodiment 3" 

[0081 ] While Embodiment 3 has shown that switching 
valve 403 is used as the operation switch to interlock 
the operation of Injection block mechanism 402 and the 
like, It is possible that a drive motor (not shown) is con- 
nected to switching valve 403, and a separate operation 
switch is manually operated to interlock the operation of 
switching valve 403 and the operation of injection block 
mechanism 402, for example. 



Claims 

1 . A liquid injector for causing a syringe to suck a liquid 
from a liquid tank and inject the liquid into a patient, 
the syringe having a cylinder member and a piston 
member inserted slldably into the cylinder member, 
comprising: 

a patient tube having a leading end connected 
to the patient; 

a syringe tube having a trailing end connected 
to the syringe; 

a tank tube having a trailing end connected to 
the liquid tank; 

tube connecting means for connecting a trailing 
end of the patient tube, a leading end of the sy- 
ringe tube, and a leading end of the tank tube; 
a syringe drive mechanism for relatively moving 
the cylinder member and/or the piston member 
to cause the syringe to suck and inject the liq- 
uid; 

a connectwion switch mechanism for switching 
between a suck state in which the patient tube 
is blocked and the syringe tube is connected to 



the tank tube and an Injection state in which the 
tanktube is blocked and the syringe tube is con- 
nected to the patient tube; and 
Interiock control means for Interlocking opera- 
5 tion of the syringe drive mechanism and oper- 

ation of the connection switch mechanism. 

2. The liquid injector according to claim 1 , wherein the 
connection switch mechanism has an Injection 

10 block mechanism for pressing the patient tube to 
freely open or close the patient tube. 

3. The liquid injector according to claim 2, wherein the 
connection switch mechanism also has a switching 

IS valve provided at the position of the tube connecting 
means. 

4. The liquid injector according to claim 2 or3, wherein 
the connection switch mechanism also has a suck 

20 block mechanism for pressing the tank tube to freely 
open or close the tank tube. 

5. The liquid injector according to claim 4, wherein the 
connection switch mechanism also has an open or 

25 close interlock mechanism for Interlocking open 
and close operation of the injection block mecha- 
nism and the suck block mechanism such that one 
of them perfonrts open operation when the other 
performs close operation. 

30 

6. The liquid Injector according to claim 5, wherein the 
injection block mechanism has an Injection press 
member movably disposed at a position for press- 
ing the patient tube and an injection hold member 

35 disposed opposite to the Injection press member 
through the patient tube, 

the suck block mechanism has a suck press 
member movably dIsfDosed at a position for 

40 pressing the tank tube and a suck hold member 

disposed opposite to the suck press member 
through the tank tube, and 
the open or close interiock mechanism has a 
press pivot member having the Injection press 

45 member and the suck press member fomried in- 

tegrally and supported pivotally. 

7. The liquid injector according to claim 5, wherein the 
Injection block mechanism has an Injection press 

50 member slldably supported at a position for press- 
ing the patient tube and an injection hold member 
disposed opposite to the Injection press member 
through the patient tube, 

55 the suck block mechanism has a suck press 

member slldably supported at a position for 
pressing the tank tube and a suck hold member 
disposed opposite to the suck press member 
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through the tank tube, and 
the open or close interlock nnechanisnn has a 
crank nnember pivotally supported on its own 
trailing end, an injection link nnember for con- 
necting a leading end of the crank member to 
the injection press member, and a suck link 
member for connecting the leading end of the 
crank member to the suck press member. 

8. The liquid injector according to claim 5, wherein the 

Injection block mechanism has an injection press 
member slidably supported at a position for press- 
ing the patient tube-and an injection hold member 
disposed opposite to the injection press member 
through the patient tube, 

the suck block mechanism has a suck press 
member slidably supported at a position for 
pressing the tank tube and a suck hold member 
disposed opposite to the suck press member 
through the tank tube, and 
the open or close interlock mechanism has a 
cam member pivotally supported and having a 
concave and a convex with which the injection 
press member and the suck press member en- 
gage. 

9. The liquid injector according to any one of claims 2 
to 8, 

wherein the interlock control means causes the in- 
jection block mechanism to block the patient tube 
when the injection by the syringe drive mechanism 
is completed. 

10. The liquid injector according to any one of claims 1 
to 9, further comprising an injection block sensor for 
sensing the patient tube being blocked and a suck 
block sensor for sensing the tank tube being 
blocked. 

wherein the Interlock control means causes 
the syringe drive mechanism to perfonn the suck 
after the injection block sensor senses the blocking 
and causes the syringe drive mechanism to perform 
the injection after the suck block sensor senses the 
blocking. 

11. The liquid Injector according to any one of claims 1 
to 10, further comprising a one-way valve for regu- 
lating the movement of the liquid from the syringe 
to the patient, the one-way valve being provided for 
the patient tube. 

12. The liquid Injector according to any one of claims 1 
to 11 , further comprising a one-way valve for regu- 
lating the movement of the liquid from the liquid tank 
to the syringe, the one-way valve being provided for 
the tank tube. 



13. The liquid Injector according to any one of claims 1 
to 12, further comprising an attachment tube having 
a trailing end connected to a solution injector for in- 
jecting a solution into the patient, tube attaching 
5 means for attaching a leading end of the attachment 
tube to the patient tube, and an Attachment block 
mechanism for pressing and blocking the attach- 
ment tube to freely open or close the attachment 
tube, 

10 wherein the interlock control means causes 

the Attachment block mechanism to release the 
blocking only when the connection switch mecha- 
nism blocks the patient tube. 



15 14. The liquid injector according to claim 13, wherein 
the tube attaching means attachs the leading end 
of the attachment tube to a portion between the 
leading end of the patient tube to the connection 
switch mechanism. 

20 



25 



30 



35 



40 



45 



50 



9 



11/20/2006, EAST Version: 2.1.0.14 



EP 1 541 189 A1 




10 



11/20/2006, EAST Version: 2.1.0.14 



EP1 541 189 A1 




11 



11/20/2006, EAST Version: 2.1.0.14 



EP1 541 189 A1 



102 



Fig. 4 



140 

.144 145: 
149 141 



105 




IMTEgRATEE- 



106 



107 



OPERATION PANEL t 



140 
14 



^CONNECTION SWITCH MOTOR h 



INJECTION BLOCK SENSOR 



149- 



SUCK BLOCK SENSOR 



L CIRCUIT I 

^108 

LIOUID CRYSTAL DISPLAY 



- \ SYRINGE DRIVE MOTC^V ^^ 

^ -123 

lEMPTY SENS^ 



122 



I FULL SENS^ 



124 



Fig.^5 



12 



11/20/2006, EAST Version: 2.1.0.14 



EP1 541 189 A1 



C STABT ) 



injection 
:block sensor sensed; 

''s — 




SUCK 
OPERATION SBh^SED 




FULL 
SENSOR sensed 





} 




N 


STOP 




OPERATION 



PERFORM SUCK 




INJECTION 
OPERATION SENSED 




SUCK 
PLOCKSENSORSEN! 

'y — 





EMPTY 
SENSOR SENSED 



N 



STOP 

OPERATION SENSED 




S13 




S2 



NORMALLY ROTATE 



T 



<S7 



TERMINATE SUCK 



SIO 



REVERSELY ROTATE 
1 



1 



S14 



] 

C END ) 





N 


TERMINATE INJECTION 








■ PERFORM] 


[NJECnON 



Fig. 6 



13 



11/20/2006, EAST Version: 2.1.0.14 



EP 1 541 189 A1 




11/20/2006, EAST Version: 2.1.0.14 



EP 1 541 189 A1 




11/20/2006, EAST Version: 2.1.0.14 



EP 1 541 189 A1 




Fig. 10 



16 

11/20/2006, EAST Version: 2.1.0.14 



EP 1 541 189 A1 




11/20/2006, EAST Version: 2.1.0.14 



EP 1 541 189 A1 




Fig. 13 



18 



11/20/2006, EAST Version: 2.1.0.14 



EP 1 541 189 A1 



102 




401 



Fig. 14 



19 



11/20/2006, EAST Version: 2.1.0.14 



EP 1 541 189 Ai 



INTERNATIONAL SEARCH REPORT 



Intematioiial application No. 

PCT/JP03/09972 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI'' A61M39/22 






According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimuni documcntaiion searched (classification system followed by classification symbols) 
Int. CI' A61M39/22, 5/00-5/155 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan ftolio 1926-1996 Toroku Jitsuyo Shinan Kbho 1994-2003 
Kokai Jitsuyo Shinan Roho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where qjpropriate, of the relevant passages 


Relevant to clahn No. 


X 
Y 
A 


JP 3-82462 A (Olympus Optical Co., Ltd.), 

08 April, 1991 (08.04.91), 

Full text; all drawings 

Full text; all drawings 

Full text; ail drawings 

(Family: none) 


1,9-10 
2-8,11-12 
13-14 


y 


JP 3-292964 A (Toinio SUGAHARA) , 
24 December, 1991 (24.12.91), 

Page 5, upper left column, line 4 to upper right 
column, line 11; Figs. 5 to 6 
(Family: none) 


2,4-8 


px] Further documents are listed in the continuation of Box C. 


} } Sec patent femily annex. 




* Special categories of cited documents: 

"A" document defuiing the general state of the art which is not 

considered to be of particular relevance 
1^ earlier document but published oii or after the international filing 

dale 

"L" document which may throw doubts on priority ctalro(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"0" document referring to an oral disclosuie, oso, eodiibition or other 
means 

"P" document published prior to the international filnig date but later 
than the priority date dainted 


T* later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the uivention 

"X" document of paiticolar relevance; the clauned mveotion cannot be 
considered novel or cannot be considered to involve on inventive 
step when the document is taken alone 

"Y" document of paiticulor relevance; the claimed mvention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

"S^ document member ofthe same patent fimily 


Date of the actual completion of the intematiooal search 
. 20 October, 2003 (20.10.03) 


Date of mailing of the tntemational search report 

04 NovertOjer, 2003 (04,11.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 


Authorized ofQcer 




Facsimile No. 


Telephone No. 





Form PCT/ISA/210 (second sheet) (July 1998) 



20 



11/20/2006, EAST Version: 2.1.0.14 



EP1 541 189 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP03/09972 



C (Continuation). DOCUMENTS CONSIDERED TO BB RELEVANT 



Catcgoiy* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 



JP 5--293170 A (Kyodo Kuraiai Life Science Kyoto), 
09 November, 1993 (09.11.93), 
Par. No. [0006]; Fig. 1 
Par. No. [0006]; Fig. 1 
(Family: none) 

Microfilm of the specification and drawings annexed 
to the request of Japanese Utility Model Application 
No. 44514/1988 (Laid-open No. 147841/1989) 
(Kuraray Co., Ltd.), 
12 October, 1989 (12.10.89), 
Page 1, line 20 to page 2, line 17; Fig. 4 
(Family: none) 



2,4-5 
6-8 



Re cine 11a) , 



E,X 



US 2001/0044618 Al (Daniel K. 
22 November, 2001 (22.11.01), 
Par. No. [0029]; Fig. 1 
(Family: none) 



JP 2003-199823 A (Sugan Co., Ltd.), 
15 July, 2003 (15.07.03) , 
Full text; all drawings 
(Family: none) 

05 6017332 A (Hector Urrutia), 
25 January, 2000 (25.01.00), 
Full text; all drawings 

6 JP 2000-354629 A & EP 911045 A2 



11-12 



1-2,4-5. 



1-14 



Form PCT/lSA/210 (contimiation of second sheet) (July 1998) 



21 



11/20/2006, EAST Version: 2.1.0.14 



